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Background: Studies have shown hypertension to be a common health problem among the elderly. The
prevalence, awareness, treatment, and control of hypertension, along with their sociodemographic and
health-related correlates were established in a national cross-sectional epidemiological study of the
elderly in Singapore. The associations between hypertension and select medical risks were also
investigated.
Methods: Data was collected from 2488 randomly selected elderly ( 60 years) as part of the Well-being
of the Singapore Elderly (WiSE) study that involved face-to-face surveys and physical examination.
Sitting blood pressure (BP) was measured twice with a 1 minute interval and averaged. Hypertensionwas
deﬁned by a systolic blood pressure (SBP)  140 mmHg, and/or a diastolic blood pressure (DBP) 
90 mmHg, and/or current treatment with anti-hypertensive medication.
Results: The prevalence of hypertension in this population was 74.1%. The rate of hypertension was
associated with older age, lower education, and higher body mass index (BMI). Those who were Malay,
retired and very physically active were more likely to be unaware of being hypertensive. An age of 85
years, being unemployed, widowed or divorced/separated, and being a non-smoker were associated with
uncontrolled hypertension. Those with hypertension were also more likely to report a diagnosis of
diabetes.
Conclusion: The proportion of elderly with hypertension is high in this Asian population. What is of
concern is the substantial proportion of undetected cases. This highlights the need for effective health
screening among the elderly. Optimal control of BP in those diagnosed with hypertension is also a cause
for concern, as identiﬁed in our study.
Copyright © 2015, Asia Paciﬁc League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan
LLC.
 
Open access under CC BY-NC-ND license.1. Introduction
Hypertension is a chronic health problem that involves the pri-
mary elevation of systemic blood pressure (BP), otherwise known as
high BP. It is a global public health issue that affects approximately 1
billion people worldwide in both developed and developing coun-
tries.1 Prevalence of hypertension increases with age and hence the
elderly tend to have the highest prevalence within a particular
population,2,3 reaching as high as 60e80% in developed nations.2,4of Mental Health, Buangkok
9747, Singapore.
.S.E. Seow).
linical Gerontology & Geriatrics. PThe Framingham Heart Study found that the residual lifetime risks
of developing hypertension through to the age of 80 years for men
and women who were normotensive at age 55 years are 93% and
91% respectively. This means thatmore than 90% of individuals who
are free fromhypertension at 55 years of agewill eventually develop
it during their remaining life span.5 As the world population ages
progressively along with a concomitant increase in life expectancy,
the issue of hypertension among the elderly has become a further
cause for concern. Hypertension is a widely recognised major risk
factor for cardiovascular disease such as stroke and myocardial
infarction, as well as for chronic kidney diseases and congestive
heart failure amongmen andwomen,6,7 making it the leading cause
of morbidity and mortality among the elderly. In addition, it has
been suggested that hypertension increases the risk of dementiaublished by Elsevier Taiwan LLC. Open access under CC BY-NC-ND license.
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the relationship between hypertension and depression, however,
remains controversial.10,11 Generally, it was reported that the elderly
have higher expenditures per capita for hypertension and related
diseases.12 The annual cardiovascular costs (including health care
services, medication, and missed days of work) associated with
hypertension in the United States for people aged 65e79 years are
projected to increase by 238%, from $135 billion to $457 billion per
year, from 2010 to 2030.13
Better control of hypertension among the elderly requires an in-
crease in awareness among the population and improved effective-
ness of pharmacological and non-pharmacological interventions.14
Early detection and treatment aids in minimizing the medical care
costs associated with hypertension and the other diseases for which
people with hypertension are at increased risk. Randomized,
controlled clinical trials have demonstrated signiﬁcant clinical ben-
eﬁts in treating hypertension among the elderly.15e17 In a meta-
analysis involving 15,693 elderly participants with isolated systolic
hypertension in eight clinical trials against placebo, the risk of stroke
was reduced by 30%, coronary heart disease events by 23%, all car-
diovascular complications by 26%, and cardiovascular mortality by
18% upon active drug therapy.18 Singapore has an aging population
with those aged  65 years making up 11% of the residential popu-
lation in 2014.19 Many studies have identiﬁed the effects of de-
mographic and lifestyle factors such as gender, age, socioeconomic
status,20,21 smoking,21,22 body mass index (BMI),23 exercise22,24 and
alcohol consumption25 on BP among the elderly. However, such
characteristics are not uniform across countries due to key differ-
ences in demographics indicators (e.g., ethnicity) and level of socio-
economic deprivation. Hence, epidemiological analysis needs to be
conducted in the local context for better planning and management
of hypertension in any population. In this study, our aimswere to: (1)
investigate the prevalence, awareness, treatment, and adequacy of
control of hypertension; (2) examine their respective sociodemo-
graphic and health-related correlates; and (3) investigate the asso-
ciation between hypertension and select lifetime medical conditions
(self-reported) among the elderly population in Singapore.
2. Methods
2.1. Study overview
Data was collected as part of the Well-Being of the Singapore
Elderly (WiSE) study, a cross-sectional household survey involving
face-to-face interview and physical examination conducted from
October 2012 to December 2013. The door-to-door visits were
preceded by an extensive training program for the ﬁeld in-
terviewers whowere individually assessed for their proﬁciency and
skill in performing the necessary procedures. Participants were
given an inconvenience fee upon completion of the survey. The
study was approved by the relevant ethics committees in Singapore
i.e. the National Healthcare Group, Domain Speciﬁc Review Board,
and the SingHealth Centralised Institutional Review Board. The
study methodology has been described in detail in a prior article.26
2.2. Study participants
The respondents in the study were Singapore residents
(including Singapore citizens and permanent residents) aged  60
years who were living in Singapore. They were randomly selected
from a national database that maintains the names, sociodemo-
graphic information such as age, gender, ethnicities, and household
addresses of all residents. Efforts were made to follow up on resi-
dents who were admitted to, or residing in a hospital or nursing
home during the course of the study. Residents who were livingoutside the country and those not contactable due to incomplete or
incorrect addresses were excluded from the study. Prior to partici-
pation, written informed consentwas obtained from all respondents
and in the case of participantswhowere unable to provide informed
consent, a written informed consent was taken from their legally
acceptable representative or next of kin. To increase the precision of
subgroup estimation, a disproportionate stratiﬁed sampling (by age
group and ethnicity) was planned, where the three main ethnic
groupsdChinese, Malay, and Indiandwere sampled in proportions
of approximately 40%, 30%, and 30% respectively. Individuals aged
75 years were also over-sampled. Sociodemographic information
including age, gender, ethnicity, marital status, education, employ-
ment status, as well as level of physical activity and smoking status
were collected using a structured questionnaire. The interviewers
also measured the height and weight of each respondent to obtain
their BMI for risk assessment of cardiovascular disease. The sug-
gested categories based on Asian populations27 are as follows: (1)
underweight (< 18.5 kg/m3); (2) increasing, but acceptable risk of
cardiovascular disease (18.5e23.0 kg/m3); (3) increased risk
(23.0e27.5 kg/m3); and (4) high risk (> 27.5 kg/m3).
2.3. Measurement of BP
During the course of the visit, resting BP was measured twice,
with a 1 minute interval, by the trained interviewers using an
electronic sphygmomanometer (Omron HEM-7211; Omron
Healthcare). Participants were advised to relax in a sitting position,
with their left elbow raised to the heart level and were asked to
abstain from eating, drinking alcohol or caffeinated beverages,
exercising or smoking for at least 30 minutes prior to their BP
measurement. Themean of the two readings was used to deﬁne the
systolic (SBP) and diastolic (DBP) blood pressure.
2.4. Deﬁnitions
Hypertension was deﬁned as having a SBP  140 mmHg, a
DBP  90 mmHg, and/or undergoing current treatment with anti-
hypertensive medication. This deﬁnition excludes hypertensive
individuals who have attained a BP level in the normotensive range
by non-pharmacological means.28 Awareness of hypertension was
deﬁned as a prior diagnosis by a doctor. Treatment of hypertension
was deﬁned as the current pharmacological treatment initiated by
the doctors for lowering elevated BP. Control of hypertension was
deﬁned as having a current SBP < 140 mmHg and DBP < 90 mmHg
associated with the pharmacological treatment.
2.5. Statistical analyses
All estimates were weighted to adjust for over-sampling and
post-stratiﬁed for age and ethnicity distributions between the
survey sample and the Singapore resident population in 2011. Mean
and standard error were calculated for BP values, and frequencies
and percentages for all other categorical variables. We also exam-
ined the mean and distribution of BP classes, as deﬁned by the Joint
National Committee on Prevention, Detection, Evaluation and
Treatment of High Blood Pressure (JNC-7)28, in the study sample
across age, gender, and ethnicity.
For the purpose of the study, a series of multiple logistic
regression analyses were performed to study the impact of select
sociodemographic and health-related factors on the prevalence of
hypertension. We used hypertension status as the main outcome
variable, with age, gender, ethnicity, marital status, education,
employment status, BMI, exercise, and smoking as predictor vari-
ables. Respondents' awareness, treatment and control of hyper-
tension were also investigated. The association between
L.S.E. Seow et al. / Journal of Clinical Gerontology & Geriatrics 6 (2015) 125e132 127hypertension and the self-reporting of lifetime heart problems
(heart attack, angina, heart failure, and valve disease), diabetes,
transient ischemic attacks (TIAs), and stroke were also established
after controlling for confounding variables.
Standard errors (SE) and signiﬁcance tests were determined
using the Taylor series linearization method. Multivariate signiﬁ-
cance was evaluated using Wald Chi-square test based on design-
corrected coefﬁcient varianceecovariance matrices. Statistical sig-
niﬁcance was set at p < 0.05 using two-sided tests. All statistical
analyses were carried out using the SAS version 9.2 (SAS Institute
Inc., Cary, NC, USA).
3. Results
3.1. Study sample characteristics
Of the 2565 respondents interviewed for the WiSE study, 2488
individuals agreed to BP measurements. Table 1 presents the
sociodemographic and health-related characteristics of the elderly
participants.
3.2. Mean BP levels and JNC-7 BP classiﬁcation (across age, gender,
and ethnicity)
Table 2 presents the distribution of BP among the respondents
according to the recommendation by JNC-7. Mean BP (± SE) wasTable 1
Characteristics of the study participants (n ¼ 2488).
Variable n Unweighted % Weighted %
Age group (y)
60e74 1461 58.7 75.4
75e84 652 26.2 19.4
85þ 375 15.1 5.2
Gender
Men 1098 44.1 44.3
Women 1390 55.9 55.7
Ethnicity
Chinese 994 40.0 83.7
Malay 714 28.7 9.0
Indian 745 29.9 5.9
Others 35 1.4 1.4
Marital status
Never married 134 5.4 8.1
Married/cohabiting 1452 58.4 64.2
Widowed 795 32.0 22.2
Divorced/separated 105 4.2 5.6
Education
None 493 19.9 16.4
Some, but did not complete primary 588 23.7 23.5
Completed primary 627 25.3 25.0
Completed secondary 511 20.6 22.6
Completed tertiary 257 10.4 12.5
Employment
Paid work (part-time & full-time) 682 27.7 34.2
Unemployed 32 1.3 1.6
Homemaker 775 31.5 26.1
Retired 971 39.5 38.1
BMI
Underweight (< 18.5) 142 6.3 5.5
Low risk (Healthy range; 18.5e22.9) 629 28.1 32.2
Moderate risk (23.0e27.4) 887 39.6 42.0
High risk ( 27.5) 582 26.0 20.4
Exercise
Very physically active 344 13.9 16.8
Fairly physically active 1329 53.7 59.6
Not very physically active 453 18.3 17.1
Not at all physically active 349 14.1 6.4
Smoking
No 2251 90.6 90.3
Yes 233 9.4 9.7
BMI ¼ body mass index.141.4 ± 0.6/75.2 ± 0.3 mmHg. DBP was found to decline with age
and was lower amongwomen. Malays had the highest SBP and DBP
levels. Around 31.7% of the elderly had current stage 1 or 2 hy-
pertension; the proportion increased with age, did not vary with
gender, and was highest among those of Malay ethnicity in
Singapore.
3.3. Prevalence of hypertension and of awareness, treatment, and
control of hypertension
Of the 2488 respondents, nearly three-quarters (74.1%) of the
elderly population had hypertension. Among those who had hy-
pertension, slightly more than three-quarters (76.0%) were aware
of their condition. A majority of those who were aware of their
elevated BP were also on treatment. Nearly half of the treated hy-
pertensive subjects satisﬁed JNC-7 recommendations for adequate
BP control. Thirty-eight respondents did not currently have hy-
pertension despite not receiving pharmacological treatment
following prior diagnosis by a doctor. Data on the awareness,
treatment, and control of hypertensive participants in our study
sample are displayed in Figure 1 and Table 3.
3.4. Correlates of hypertension and of awareness and control of
hypertension
Based on data presented in Figure 1, two at-risk groups with
elevated BP were identiﬁeddthose who were unaware that they
had hypertension and thosewho had suboptimal BP control despite
treatment. Those who were untreated upon diagnosis (n ¼ 56)
were excluded as their number was too small for any conclusive
statistical analyses or meaningful comparison.
The odds of hypertension were signiﬁcantly higher among
elderly participants aged 75e84 years compared to those aged
60e74 years (Table 4). Those who did not have any education or did
not complete primary education and those with moderate or high
risk BMI were more likely to have hypertension. The hypertensive
elderly whowere unaware of their conditionweremore likely to be
Malays (compared to Chinese) and to be very physically active.
Those who were retired were less likely to be unaware that they
have hypertension than those doing paid work (part-time or full-
time). Elderly with suboptimal BP control despite treatment were
more likely to be in the oldest age group (85þ years) and unem-
ployed. In addition, they were more likely to be widowed or
divorced/separated than married or cohabiting. Those who smoked
were more likely to have their BP controlled with treatment.
3.5. Association of hypertension with reporting of lifetime medical
conditions
After controlling for age, education and BMI (factors associated
with prevalence of hypertension), elderly with hypertension were
found to have higher odds of reporting lifetime diabetes [odds ratio
(OR) of 1.70, 95% conﬁdence interval (CI) of 1.19e2.43], compared to
those without hypertension. No signiﬁcant relationship was found
between hypertension and other lifetime conditions such as heart
problems, TIAs, and stroke.
4. Discussion
The WiSE study is the second to provide information on the
prevalence, awareness, treatment, and control of hypertension
along with their relevant correlates among the local elderly. The
Singapore Social Isolation, Health, and Lifestyle Survey (SIHLS)
conducted in 200929 was the ﬁrst to present a comprehensive
picture of hypertension management among the Singapore elderly.
Table 2
Mean systolic and diastolic blood pressure, and distribution of blood pressure classes by the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure; overall and by age, gender, and ethnicity.
BP levels (mmHg), mean (SE) BP categories based on JNC-7. Weighted row, n (%)
SBP DBP Normal HigheNormal Stage 1 Stage 2
All 141.4 (0.6) 75.2 (0.3) 316 (13.4) 1322 (54.9) 619 (23.6) 231 (8.1)
Age group (y)
60e74 140.8 (0.7) 76.5 (0.4) 187 (13.9) 840 (56.8) 337 (22.7) 97 (6.7)
75e84 143.8 (1.1) 72.2 (0.6) 66 (10.9) 330 (51.5) 178 (25.6) 78 (12.0)
85þ 142.6 (1.6) 68.7 (0.8) 63 (16.3) 152 (40.6) 104 (28.3) 56 (14.8)
Gender
Men 141.0 (0.8) 76.8 (0.5) 152 (12.6) 588 (55.8) 276 (24.5) 82 (7.2)
Women 141.8 (0.8) 74.0 (0.4) 164 (14.1) 734 (54.2) 343 (22.9) 149 (8.8)
Ethnicity
Chinese 140.9 (0.7) 74.9 (0.4) 138 (13.9) 525 (54.9) 238 (23.1) 93 (8.2)
Malay 148.1 (0.9) 78.4 (0.5) 61 (7.5) 384 (56.4) 185 (26.3) 84 (9.8)
Indian 139.9 (0.8) 75.5 (0.4) 112 (15.3) 397 (55.1) 183 (23.1) 53 (6.6)
Others 138.6 (2.7) 73.2 (2.4) 5 (14.9) 16 (47.1) 13 (36.5) 1 (1.6)
BP ¼ blood pressure; DBP ¼ diastolic blood pressure; JNC-7 ¼ Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure;
SBP ¼ systolic blood pressure.
L.S.E. Seow et al. / Journal of Clinical Gerontology & Geriatrics 6 (2015) 125e132128The two studies (WiSE and SIHILS) reported prevalence rates of
74.1% and 73.9%, awareness rates of 76.0% and 69.2%, treatment
rates of 95.8% and 98.1% and, control rates of 48.9% and 35.4%
respectively. In terms of prevalence and treatment rates, the ﬁnd-
ings were almost comparable. The awareness and control rates
were higher in this study by 6.8% and 13.5% respectively. As re-
ported by Malhotra et al29, Singapore has reported a higher prev-
alence of hypertension among the elderly population compared to
most studies conducted in other countries but the awareness and
treatment rates were also higher. In line with these ﬁndings, the
World Health Organization's Study on Global Aging and Adult
Health (SAGE)30 reported mean prevalence, awareness, control and
treatment efﬁcacy rates of 52.9%, 48.3%, 10.2%, and 26.3% respec-
tively, across six countries, namely China, Ghana, India, Mexico, the
Russian Federation, and South Africa. With the average life span
extending worldwide, people are increasingly developing diseases
of old age including hypertension.31 With Singapore being one of
the fastest aging populations and its life expectancy rate at a high of
82.3 years in 2013,32 the high prevalence of hypertension among
the elderly is not surprising. The prevalence or risk of hypertension
also tends to be higher in more developed countries,33 as well as
among the Asian compared to theWestern populations at any given
level of BMI, waist circumference, and waist-to-hip ratio.34 Lastly,
other possible reasons for the variation in prevalence rate among
countries could be due to difference in demographics such as ethnic
makeup as well as different lifestyles factors (e.g., diet and physical
activity). High salt intake may have contributed to the high prev-
alence observed in the study. The National Nutrition Survey in 2010Figure 1. Hypertension and its awareness, treatment and control arevealed that eight out of ten Singaporeans exceed their recom-
mended daily salt intake, with the average person consuming 8.3 g
daily which is 60% above recommended level of 5 g per day for
adults. The rates of awareness, treatment, and control tend to be
higher in developed countries including Singapore, possibly due to
better management of hypertension cases compared to developing
countries which have high illiteracy rates, poor access to health
facilities, poverty, and high costs of drugs.33,35 In addition, contin-
uous nationwide efforts by health care organizations such as the
Health Promotion Board in promoting awareness of chronic dis-
eases and healthy lifestyles have played an essential role in the
higher awareness and control of hypertension among Singapor-
eans. The Health Promotion Board was established in 2001 by the
Ministry of Health of Singapore to act as the main driver for na-
tional health promotion and disease prevention programs, with its
vision being to build a nation of “healthy people”.
In our current study, all non-modiﬁable sociodemographic and
modiﬁable health-related factors including age, ethnicity, marital
status, education, employment status, BMI, exercise, and smoking,
but excluding gender, were associated with hypertension preva-
lence, awareness, and control. The pattern of association between
hypertension prevalence and gender varied across countries but
overall worldwide data revealed no signiﬁcant gender difference.36
Most of our ﬁndings were similar to previous studies. We found
hypertension to be associated with older age and higher BMI,
consistent with a number of other studies.4,21,22,29,37 SBP tends to
show continuous increase until the 8th decade of life.38 This is ex-
pected as advancing age is associated with a degenerative processmong Singapore elderly. Data are presented as n (weighted %).
Table 3
Weighted prevalence of hypertension and of elderly with hypertension who were unaware, treated or uncontrolled.
With
hypertensiona
Unaware
hypertensivesa
Treated
hypertensivesa
Uncontrolled
hypertensivesa
Age group (y)
60e74 1089 (71.3) 788 (73.6) 730 (95.2) 364 (50.0)
75e84 553 (85.0) 436 (82.9) 411 (97.4) 218 (51.5)
85þ 277 (74.2) 216 (80.8) 206 (96.0) 124 (61.7)
Gender
Men 824 (74.6) 595 (74.7) 557 (96.8) 279 (49.4)
Women 1095 (73.7) 845 (77.1) 790 (95.0) 427 (52.3)
Ethnicity
Chinese 741 (73.3) 580 (77.0) 537 (95.8) 280 (50.6)
Malay 575 (81.2) 400 (69.1) 371 (94.1) 215 (57.9)
Indian 578 (76.8) 441 (75.0) 420 (97.7) 200 (45.6)
Others 25 (69.6) 19 (73.9) 537 (95.8) 11 (56.2)
Marital status
Never married 91 (60.9) 64 (66.9) 58 (92.5) 31 (54.3)
Married/cohabiting 1107 (74.5) 815 (75.4) 762 (95.8) 359 (46.0)
Widowed 648 (81.0) 511 (81.1) 483 (98.0) 285 (58.4)
Divorced/separated 72 (62.7) 49 (71.3) 44 (89.7) 31 (76.4)
Education
None 408 (85.3) 302 (77.7) 285 (96.8) 148 (50.4)
Some, but did not complete primary 467 (78.5) 359 (76.9) 330 (93.5) 190 (55.8)
Completed primary 482 (70.0) 360 (75.1) 343 (98.4) 179 (50.8)
Completed secondary 385 (71.6) 276 (71.3) 256 (94.2) 130 (47.7)
Completed tertiary 171 (64.0) 138 (82.6) 128 (96.5) 57 (49.2)
Employment
Paid work (part- & full-time) 488 (68.4) 312 (67.7) 284 (94.7) 135 (43.5)
Unemployed 21 (75.0) 15 (76.6) 13 (97.8) 10 (89.5)
Homemaker 643 (77.4) 504 (78.5) 475 (97.5) 264 (53.6)
Retired 750 (77.6) 597 (80.9) 564 (95.4) 289 (52.1)
BMI
Underweight (< 18.5) 93 (64.8) 59 (67.7) 51 (93.5) 25 (45.8)
Low risk (Healthy; 18.5e22.9) 449 (66.3) 310 (71.6) 291 (95.3) 154 (48.6)
Moderate risk (23.0e27.4) 714 (78.1) 548 (78.8) 508 (96.0) 269 (53.7)
High risk ( 27.5) 486 (81.2) 380 (75.3) 366 (97.6) 195 (51.8)
Exercise
Very physically active 247 (69.3) 169 (69.5) 150 (89.6) 75 (48.8)
Fairly physically active 1031 (73.9) 761 (74.8) 717 (97.5) 381 (52.2)
Not very physically active 363 (77.7) 286 (82.1) 272 (95.3) 141 (48.3)
Not at all physically active 271 (81.5) 221 (87.3) 205 (95.5) 107 (52.8)
Smoking
No 1753 (74.7) 1348 (77.0) 1263 (95.6) 671 (52.1)
Yes 164 (69.5) 90 (66.2) 82 (97.8) 33 (39.9)
BMI ¼ bodyemass index.
a Data are presented as n (weighted %).
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contributing to high BP.39 Being overweight and obese is known to
stimulate sympathetic nervous system activity, fasting plasma in-
sulin, and leptin which can lead to elevated BP levels.40 Our study
also found hypertension to be inversely associated with education
where individuals who did not have any formal education or had
not completed primary education were more likely to have hy-
pertension, compared to those who had tertiary education. Low
education has been associated with elevated levels of BP and
related cardiovascular diseases, possibly due to the lack of aware-
ness of hypertension prevention and control, and of adherence to
medical treatment.41 The inverse relationship between educational
attainment and incidence of hypertension was also observed in
other hypertension studies in Brazil,42 Vietnam43, and Saudi Ara-
bia.44 In terms of awareness of hypertension, the Malays had
signiﬁcantly lower rate of awareness compared to the Chinese and
this ﬁnding is consistent with other studies.29,45 Those who were
retired were less likely to be unaware of their condition,46,47 since
they tend to have more time to focus on their health and seek early
management of adverse health conditions. Unemployment was
associated with a higher risk of uncontrolled hypertension. Being
unemployed or having a low income could possibly have a negative
impact on the ability of individuals to purchase prescribedantihypertensive drugs and thus, lead to low medication compli-
ance.48 Those whowere widowed or divorced/separated (no longer
partnered) were more likely to have uncontrolled hyperten-
sion.20,49,50 Individuals who had close daily contact with a spouse
or partner tend to ﬁnd themselves adopting health promoting
behavior through social direct control such as encouraging, moni-
toring, reminding, and even threatening.51,52 Older individuals in
our study also had higher rate of uncontrolled hypertension since
BP usually gets more difﬁcult to control with increasing age.53
Finally, our study revealed that elderly with hypertension were at
higher risk of diabetes which is supported by a vast amount of
research.54e56
A number of interesting ﬁndings were noted. Firstly, our results
showed that elderly who were very physically active were more
likely to be unaware of their hypertensive condition. This ﬁnding is
contrary to what was found in another study.44 Possible explana-
tions would be that our elderly respondents might have over-
estimated their level of physical activity (e.g., regarding regular
low-intensity tai chi or walking as high physical activities) or that
those with high physical activity levels might have been over-
conﬁdent about their health status, and thus forgone the essential
visits to the doctors for medical screenings. Nonetheless, the as-
sociation of high physical activity leading to awareness of chronic
Table 4
Sociodemographic and health-related correlates of hypertension, unawareness, and lack of blood pressure control among treated hypertensives.
With hypertension Unaware hypertensives Uncontrolled hypertensives
OR 95% CI p OR 95% CI p OR 95% CI p
Age group (y)
60e74 Ref. Ref. Ref.
75e84 1.67 1.11 2.51 0.013* 0.67 0.44 1.02 0.062 0.97 0.64 1.47 0.877
85þ 0.94 0.54 1.64 0.836 1.00 0.55 1.82 0.999 2.09 1.12 3.87 0.020*
Gender
Men Ref. Ref. Ref.
Women 0.72 0.50 1.05 0.092 1.01 0.64 1.58 0.982 0.87 0.55 1.37 0.536
Ethnicity
Chinese Ref. Ref. Ref.
Malay 1.23 0.90 1.67 0.193 1.69 1.23 2.30 0.001* 1.36 0.95 1.94 0.093
Indian 1.18 0.89 1.57 0.246 1.09 0.80 1.49 0.582 0.78 0.57 1.08 0.129
Others 0.92 0.40 2.14 0.854 1.47 0.55 3.93 0.445 1.32 0.44 4.00 0.619
Marital status
Never married 0.64 0.38 1.08 0.092 1.44 0.73 2.83 0.296 1.42 0.62 3.25 0.407
Married/cohabiting Ref. Ref. Ref.
Widowed 1.42 0.93 2.17 0.104 0.83 0.54 1.29 0.416 1.55 1.01 2.39 0.047*
Divorced/separated 0.66 0.36 1.19 0.163 1.06 0.50 2.25 0.889 5.40 1.83 15.90 0.002*
Education
None 3.59 1.92 6.73 <.0001* 1.65 0.78 3.50 0.192 0.95 0.47 1.90 0.876
Some, but did not complete primary 2.14 1.27 3.58 0.004* 1.46 0.72 2.95 0.293 1.26 0.67 2.37 0.467
Completed primary 1.27 0.79 2.05 0.318 1.59 0.80 3.17 0.184 0.96 0.52 1.79 0.905
Completed secondary 1.39 0.86 2.26 0.180 1.89 0.96 3.72 0.067 0.86 0.46 1.60 0.624
Completed tertiary Ref. Ref. Ref.
Employment
Paid work (part- & full-time) Ref. Ref. Ref.
Unemployed 1.11 0.38 3.25 0.856 0.71 0.18 2.75 0.618 12.19 1.65 89.79 0.014*
Homemaker 1.14 0.71 1.83 0.590 0.73 0.42 1.25 0.253 1.46 0.83 2.59 0.192
Retired 1.37 0.95 1.96 0.089 0.60 0.39 0.92 0.019* 1.38 0.88 2.17 0.157
BMI
Underweight (< 18.5) 0.75 0.41 1.37 0.350 1.41 0.67 2.96 0.360 0.92 0.39 2.18 0.843
Low risk (Healthy; 18.5e22.9) Ref. Ref. Ref.
Moderate risk (23.0e27.4) 1.88 1.33 2.64 < 0.001* 0.69 0.46 1.02 0.065 1.27 0.84 1.92 0.262
High risk ( 27.5) 2.14 1.39 3.30 0.001* 0.78 0.49 1.23 0.284 1.19 0.73 1.93 0.498
Exercise
Very physically active 0.54 0.25 1.17 0.119 2.31 1.04 5.13 0.040* 0.91 0.40 2.04 0.810
Fairly physically active 0.72 0.35 1.45 0.352 1.82 0.90 3.71 0.098 1.01 0.51 2.00 0.984
Not very physically active 0.74 0.35 1.58 0.436 1.25 0.57 2.74 0.583 0.75 0.36 1.57 0.445
Not at all physically active Ref. Ref. Ref.
Smoking
No Ref. Ref. Ref.
Yes 0.82 0.50 1.35 0.431 1.30 0.78 2.16 0.313 0.50 0.26 0.98 0.042*
* Statistically signiﬁcant (p < 0.05).
BMI ¼ bodyemass index; CI ¼ conﬁdence interval; OR ¼ odds ratio.
Odds Ratio was derived using multiple logistic regression analysis.
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Secondly, we also found that those who were smokers were less
likely to have uncontrolled hypertension. This ﬁnding has been
similarly reported by other studies.57,58 In fact, a study in Singapore
identiﬁed cigarette smoking in males to be inversely related to SBP,
with a reduction of 1.3 mmHg in 1.1% of light smokers, 3.8 mmHg in
3.1% of moderate smokers, and 4.6 mmHg in 3.7% of heavy smokers
when these individuals were compared to non-smokers.59 The
complex relationship between BP levels and smoking has been
suggested to be due to the different response of BP to smoking
compounds that depends on the type of smoking, its duration, and
onset of BP increase. It is believed that chronic smokers tend to
have lower BP associated with loss in body weight, as well as the
depressant effects of long-term nicotine use.60
Our cross-sectional study had several strengths which include
an adequately large sample size with a high response rate of 66%
and an inclusion of a representative sample of elderly that in-
cludes even the dialect-speaking locals. Self-reported data on all
important medical conditions including hypertension were
collected from the respective caregiver, if the elderly participant
was deemed unable to provide an accurate account by trained
interviewers. Standard protocols were administered for themeasurements of height, weight, and BP, with instruments of
measurement maintained and calibrated similarly to reduce
measurement errors. Participants were also less likely to experi-
ence “white coat” hypertension as the BP measurements were
carried out by trained lay interviewers approximately an hour into
the full survey. Our study was not without limitations. Like all
other hypertension studies, our BP measurements were collected
on a single visit to ensure cost-effectiveness and minimize
respondent burden and attrition. The use of measurements based
on one occasion has been known to lead to overestimation of the
prevalence of hypertension by up to 17%.61 Our study did not
collect any information pertaining to the type and dosage of the
antihypertensive medications and the current use of antihyper-
tensive medications is purely self-reported, hence lacking veriﬁ-
cation, and limiting our understanding on the possible reasons for
lack of optimal BP control in treated hypertensives. We also did
not include any other laboratory measurements in this population
study, which are useful parameters in obtaining a better under-
standing of the cardiometabolic risk of our participants. Last but
not least, we are unable to draw a conclusion about etiological
factors of hypertension and its poor control among the elderly due
to the cross sectional design of our study.
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The prevalence of hypertension among the elderly is high
(74.1%). While our study revealed lower proportions of lack of
awareness (24.0%) and uncontrolled hypertension (51.1%)
compared to other countries, the awareness and control rates are
still not ideal. Initiatives to increase awareness and screening are
needed, particularly for those individuals with the risk factors that
have been identiﬁed in this study.
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